The extract of the soft coral Lobophytum variatum agglutinated horse erythrocytes but not human ABO or rabbit erythrocytes in the presense of calcium ions. The activity was inhibited by mucin Type I from the bovine submaxillary gland and also by simple sugars such as D-ribose and N-acetylneuraminic acid. Two lectins, LVL-1 and LVL-2, were purified by gel filtration on Sepharose 4B succeeded by ion exchange chromatography on Mono-Q. Both lectins were glycoproteins composed of covalently bond ed subunits of 53 kDa. The sequence of the amino-terminal region of LVL-1 was determined as Ala-IleAsn-Gln-Ser-Ser-Gly-Asn-Leu-(X)-Asp-Arg-Leu-Gln-Glu-Arg-Phe-(X)-Leu-Asp-His-, where X is an unidentified residue.
Lectins, carbohydrate-binding proteins, have been iden tified in species of almost all taxa from virus to higher ver tebrates. To date, a considerable number of animal lectins have been reported with regard to their distribution, carbo hydrate-binding specificity, amino acid-sequences, and gene structures .1-3) The wide distribution of lectin molec ules in various cells and tissues suggests the participation of lectin-carbohydrate interactions in the physiological processes at these sites. In invertebrates, lectins are suggest ed to contribute as nonself-recognition factors in the defense mechanism, like vertebrate antibodies.
There is, however, some evidence that the lectins also participate in cell aggregation or adhesion, tissue organization during embryonic development, and transportation of simple or complex carbohydrates. 4, 5) Participation in the biominerali zation has also been proposed for the acorn barnacle hemolymph lectins.6) These suggest that the lectins in inver tebrates could be involved in diverse species-specific func tions by binding carbohydrate structures in cells and tis sues.
Some invertebrate lectins are also postulated to mediate the interaction between invetebrate hosts and symbiotic bacteria and microalgae. 3, 7, 8) To examine the divalent cation requirement of L. varia tum lectin, the sample showing a titer of 1:8 was dialyzed against 25mM EDTA in 0.2M Tris-HCl buffer (pH 8.0) for 48 h. The solution was then dialyzed against 0.15M NaCl for 24 h to remove EDTA. An allquot was tested for hemagglutinating activity against horse erythrocytes in the presence of 10mM CaCl2 or MgCl2 in 0.15 M NaCl. The amino-terminal sequence of the electroblotted sam ple onto a PVDF membrane was analyzed using a Shimadzu gas-phase PSQ-1 sequencer.
Inhibition of Hemagglutination by Sugars
D-glucose, D-galac tose, L-arabinose, L-rhamnose, L-fucose, D-xylose, D-mannose, D-ribose, deoxy-D-ribose, lactose, sucrose, D- glucosamine, D-galactosamine, D-mannosamine, N-acetyl- D-glucosamine, N-acetyl-D-galactosamine, N
Results
Agglutination The lectin was purified by gel filtration followed by ion exchange column chromatography as summarized in Ta ble 1. Gel filtration on Sepharose 4B gave three protein peaks as shown in Fig. 1 . The hemagglutinating activity was observed in the front part of the last protein peak and more than half of the initial activity was recovered in this fraction. Succeeding FPLC on a Mono-Q column gave two active protein peaks, termed LVL-1 and LVL-2 (Fig.  2) . LVL-1 was major component and appeared in the unad sorbed fractions. LVL-2, a minor component, was eluted from the column with about 0.2 M NaCl in the buffer. The specific activity of both LVL-1 and LVL-2 increased about 160 times compared with that of the crude extract. Chemical Properties of the Lectins Both LVL-1 and LVL-2 gave a single band corre sponding to a molecular weight of 53 kDa in SDS-PAGE under reduced conditions ( Fig. 3) The purified lectins did not migrate into a 5% polyacrylamide disc gel or into a 12.5% SDS-polyacrylamide gel without 2-mercap Sepharose 4B purified lectins (2.4mg) was applied to a column of Mono Q HR 5/5 equilibrated with 10mM Tris-HCl buffer, pH 8.3. Elution was carried out with a gradient of 0-0.5M NaCl in the buffer at a flow rate of 0.5ml/min.
Fractions of 0.5ml were analyzed for the hemagglutinating activity against horse erythrocytes (-¥-). Two active fractions, LVL-1 and LVL-2 (indicated by horizontal bars), were then pooled. toethanol treatment (data not shown), suggesting high molecular weights of the intact lectins. On the contrary, the lectins were eluted very slowly from analytical gel per meation columns such as a TSK G-3000SW, Superdex 12, and Superose 12 column. LVL-1 and LVL-2 showed a similar amino acid composi tion to other animal lectins; a higher content of acidic ami no acids than those of basic amino acids, as listed in Table  2 . The presence of Cys (half) in LVL-1 and LVL-2 was ob served. LVL-1 was devoid of Trp. The sequence of the ami no-terminal region of LVL-1 was determined as Ala-IleAsn-Gln-Ser-Ser-Gly-Asn-Leu-(X)-Asp-Arg-Leu-Gln Glu-Arg-Phe-(X)-Leu-Asp-His-, where the X was an unidentified amino acid. In contrast, no sequence in the amino-terminal region of LVL-2 was obtained indicating the presence of a blocked N-terminal amino acid.
Both lectins were glycoproteins. The neutral sugar con tents of LVL-1 and LVL-2 were high and reached 47.8% and 62.3%, respectively, as shown in Table 3 . L-Fucose is the dominant sugar in LVL-1 and a relatively high content of D-glucose and D-galactose was also detected. In the case of LVL-2, the content of n-glucose and L-fucose exceeded 20%, and n-galactose (11.1%) and D-mannose (5.0%) were also present. ry activity as shown in Table 4 . Simple sugars such as Nacetylneuraminic acid, n-ribose, and deoxy-n-ribose also inhibited the hemagglutinating activity of LVL-1 and LVL-2 but required higher concentrations to inhibit the lec tin activity. The inhibitory activity by D-ribose and deoxy n-ribose was more effective against LVL-2.
Discussion
The There is some discrepancy in the binding specificity and agglutination activity against various types of animal cells. L. variatum lectins were effectively inhibited by BSM as al ready mentioned. N-acetylneuraminic acid alone, which is the predominant of BSM, showed, however, only weak in hibitory activity. From these results it is suggested that though lectins recognize sialic acids, their binding sites towards a sialic acid alone are weak, and high binding affinity is only found when weak poly-binding sites bind with multiple sialic acids residues effectively linked as BSM. L. variatum lectins agglutinated horse erythrocytes undoubtly mediated via sialic acids but not other types of animal erythrocytes or cells which also possess abundant terminal sialic acids. A further detailed study is needed for the binding specificity of L. variatum lectins. In addition, it is of interest that n-ribose and deoxy-D-ribose also inhibited the hemagglutinating activity of LVL-1 and LVL-2, since D-ribose and its derivatives are not a typical inhibitor for animal lectins. The related compounds such as uridine, adenosine, D-ribose-5-phosphate, and yeast RNA did not show any inhibitory effect when checked with 1 % solution (data not shown).
Some animal lectins are glycoproteins in nature but rare ly exceed a 20% sugar content with the exception of limu lin, a horseshoe crab lectin which contains 24% sugars-13)
At this point, L. variatum lectins are unique based on the large amount of neutral sugars found in the molecules; 47.8% for LVL-1 and 62.3% for LVL-2. Lectins in other corals and soft corals showed lower sugar contents; the lec tin in the soft coral Sinularia sp., for example, has been reported to contain 11% sugars14) and the gorgonian Eu nicella cavolinii lectin 4.1% sugars. 15) The anthozoan Ger ardia savaglia lectin, in contrast, is not glycosylated.16) High sugar contents comparable to L. variatum lectins are found in the aggregation factor of the marine sponge Microciona parthena which has been reported to contain 49% sugars.17) The function of these sugar moieties in the lectin molecules is not clear at present. However, there is the possibility that the high sugar contents are attributed to the stability of the lectin molecules.
The behavior of the purified lectins in SDS-PAGE sug gested that L. variatum lectins are composed of subunits cross-linked by disulfide bonds having a similar molecular weight of 53 kDa. The apparent molecular weight of intact lectins could not be estimated by FPLC on TSK G-30000 or other analytical columns because of the delayed elution from these columns, suggesting an interaction between the lectins and the gels. In sequence analysis of the amino-ter minal region of the purified lectins, the sequence of LVL-1 consisting of 21 amino acid residues was obtained.
No se quence, however, was recognized in the case of LVL-2, in dicating the blocked N-terminal residue of the LVL-2 subu nit. No apparent sequence homology between LVL-1 and other animal lectins in the amino-terminal region has been recognized so far.
